ABSTRACT Occupational exposure to isopropanol was studied in 12 workers by testing environmental air, alveolar air, venous blood, and urine during their work shift. Isopropanol, which ranged in environmental air between 7 and 645 mg/m3, was detected in alveolar air, where it ranged between 4 and 437 mg/m3, but not in blood or in urine. Alveolar isopropanol concentration (Ca) was significantly correlated with environmental isopropanol concentration (Ci) at any time of exposure. The value of the arithmetical Ca/Ci ratio was 0-418 (SD 0-101). Acetone, which is a metabolite of isopropanol, was found in alveolar air, blood, and urine in concentrations that were higher during exposure than before. Alveolar and blood acetone concentrations were highly correlated with alveolar isopropanol concentrations at any time during exposure. Acetone ranged between 0-76 and 15-6 mg/i in blood, between 4 and 92 ,ug/1 in alveolar air, and between 0-85 and 53-7 mg/i in urine. Alveolar (Ca) and blood (Cb) acetone concentrations were highly correlated (r = 0-67), with a Cb/Ca ratio of 101. Alveolar isopropanol uptake ranged between 0-03 and 6-8 mg/min and was highly correlated with environmental isopropanol concentration (r = 0.92). During exposure, acetone eliminated by the lungs ranged between 20 and 273 mg in seven hours and in urine between 0'3 and 9-6 mg in seven hours. Acetonuria was higher the next morning than at the end of exposure.
Isopropanol is a solvent widely used in industry and in the home and it was used for tepid sponging in feverish children' before it was known to be responsible for the potentiation of hepatic and renal toxicity caused by haloalkanes.2-4 It is also suspected of being a carcinogenic agent after the discovery of an abnormal incidence of paranasal and sinus cancers in employees manufacturing isopropyl alcohol.5 The uptake and metabolism of isopropanol after ingestion has been studied in man6 and animals,7-"' but the uptake of isopropanol from the lung and its metabolism in man have not yet been clearly elucidated. The present study was carried out on a group of workers exposed to isopropanol with the aim of examining the uptake of isopropanol from the lung under industrial conditions.
Materials and methods
We studied the occupational exposure to isopropanol in 12 workers employed in a printing works
The samples were collected on four different days, examining three workers a day.
The concentration of isopropanol and its metabolite acetone were measured in all the air, blood, and urine samples using gas chromatography. For the analyses a Perkin-Elmer mod F 17 gas chromatograph with FID was used: column 2 m x 3 mm outside diameter (steel column), packed with Carbowax 1500 0.2% on Carbopack C 80-100 mesh; temperature: injector and detector 200°C, oven 90°C; carrier gas: nitrogen; flow rate: 20 m/min. Before analysis all air samples were kept at a temperature of 60°C and blood and urine samples at 370C.
Results
Isopropanol was detected in environmental and alveolar air samples collected during the whole work shift, but in no other air samples nor in any blood or urine samples. The concentration of isopropanol ranged between 8 and 647,ug/l in environmental air and between 3 and 439 ,ug/l in alveolar air during the work shift. Table 1 shows the individual values of isopropanol concentration in environmental and alveolar air.
At each sampling time studied during the work shift, a good correlation was found between the environmental and alveolar isopropanol concentration (fig 1) . Considering all the data collected at the various intervals, the correlation between the alveolar and environmental concentrations of isopropanol was highly significant (fig 2) . The slope of the regression line shown in fig 2 suggests that the mean alveolar concentration of isopropanol corresponds to 53.9% of the environmental concentration. Figure 3 shows the individual and mean values of the arithmetical ratios between the alveolar (Ca) and environmental (Ci) concentrations of isopropanol (Ca/Ci). According to this, over 50% of the individual values of Ca/Ci ratios fall between 0 3 and 0 5.
The mean value of the arithmetical Ca/Ci ratio, equal to 0-418, is lower than that given by the slope of the regression line in fig 2 (0-539) .
Acetone was detected in all the samples of alveolar air, blood, and urine collected. Before the work shift the mean acetone concentration was 3-7 ,tg/l (SD 3-8) in alveolar air, 1-4 mg/l (SD 0.5) in blood, and 3-9 mg/l (SD 7-6) in urine (table 2) . Acetone was detected in environmental air samples during the work shift only in the case of the first three workers listed in the tables, who were exposed to the highest concentrations of isopropanol ( Ci  591  581  419  396  620  460  526  352  493  100   Ca  247  294  247  184  272  259  280  267  256  33  2  11-9   Ci   479  550  369   459  620  539  526  278  478   109   Ca  408  274  271  141  290  259  333  181  270  83  3  95  Ci  544  647  419  531  343   544   266  467  470  123  Ca  439  364  285  282  266  220  138  184  272  96  4  12-9  Ci  167  114  123  69  63  59  67  128   99  40   Ca  44  55  45  32  18  25  29  46  37  13  5   12-8  Ci  212  140  187  136  51  64  129  253  146  69  Ca   101  58  70  58  15  28  35   64  53  27  6  15-6  Ci  268  155  189  129  79  80  81  9()  134  68  Ca  105  82  70  57  30  25  29  29  53  30  7   13-6  Ci  182  256  364  152  81  99  234   287   207  97  Ca  56  105  112  62  12  36  35  95   64  36  8  13-3  Ci   170  220  301  167  80  113  260  266  197  78  Ca  37  77  80  57  13  20  84  88  57  30  9 16 (table  2) . A significant correlation between the alveolar (x) and blood (y) concentrations of acetone was found at the first, third, and fifth hours of the work shift, but not at the seventh or before the start of work (table 4) ; correlation between all the data collected before and during the work shift is shown in fig 4 .
Acetone concentration both in alveolar air and in blood was better correlated with the isopropanol concentration in alveolar air (Ca) than with the isopropanol concentration in environmental air (Ci) or with the isopropanol difference between Ci and Ca. Figure 5 shows that in the correlation with alveolar isopropanol concentration, the alveolar concentration of acetone rises according to the duration of exposure. The correlation between alveolar acetone concentration and alveolar isopropanol concentration existed at all hours of the work shift studied except the sixth hour (r = 0.49). Table 5 Correlation between alveolar isopropanol uptake (mgl7 h) and blood acetone and urine acetone concentrations and between urine and blood acetone concentrations (mgll) in nine subjects Adelson'5 found no correlation between the severity of poisoning and the blood level of isopropanol, which ranged in all his cases between 1-3 and 2-0 g/l. King et all6 found a blood isopropanol concentration of 4.4 g/l in a man who swallowed about a litre of "rubbing alcohol" in 10 minutes, 45 minutes before his admission to the hospital. Laham et a19 and Laham et all' detected isopropanol in the blood of rats exposed to environmental concentrations of isopropanol ranging from 500 ppm (1225 mg/m3) to 8000 ppm (18 600 mg/m3). The blood isopropanol concentrations were 30 and 503 mg/l after four hours of exposure to 1225 and 18 600 mg/m3 respectively. The simultaneous determination of acetone in rats' blood showed a ratio between acetone and isopropanol in blood that was three in the lowest exposure (500-1000 ppm) and unity in the highest exposure (8000 ppm).
Our data show that the first three workers listed in the tables were exposed to a mean environmental concentration of isopropanol corresponding to 470-493 mg/m3 (table 1) , which is about half the threshold limit value (980 mg/m3 by ACGIH, 1981). In none of these three workers, nor in any others, were we able to detect isopropanol in the blood or urine. The mean blood acetone concentration (table 2) in these first three workers was 7192-8200 ,ug/1 with ranges in individual tests from 3600 to 15 620 ,g/l. Extrapolating from data on rats9 10 we would have expected a blood isopropanol concentration of 1-2-5-2 mg/l-that is, one-third of the blood acetone values (3600-15 620 ,g/l). Our detectable limit for isopropanol in blood was 1 mg/l and so we can conclude that under the conditions of exposure we studied, the ratio of acetone to isopropanol in blood should be higher than three. Our inability to detect isopropanol in blood is possibly because the apparent volume of isopropanol distribution in the human body is so large that the resultant blood concentration is lower than our technical limit of detection. ACETONE 
CONCENTRATIONS
The chief metabolite of isopropanol is acetone, which may be detected in the urine after one hour and in expired air within 15 minutes.6 High concentrations of acetone in the blood of people poisoned with isopropanol were reported by Glasser et al'7; Folland et all4 reported an alveolar acetone concentration of 46 and 18,ug/1 in workers exposed to an environmental isopropanol concentration of 1000 and 343 ,ug/1 respectively. Our data on acetone determination in workers before the start of Brugnone, Perbellini, Apostoli, Bellomi, Caretta isopropanol exposure showed a concentration of 3-7 ,ug/l (SD 3.8) in alveolar air, 1-4 mg/l (SD 0.5) in blood, and 3-9 mg/l (SD 7-6) in urine. Wigaeus et al'8 reported that physiological concentrations of acetone in alveolar air were 1-7 ,ug/l (SD 0.5), in blood 1*3 mg/kg (SD 0.6), and in urine 1*4 mg/kg (SD 1.1); the endogenous levels of blood acetone we found were similar. On the other hand, the concentrations of acetone in the urine and in the breath before exposure differ. We now know that the third worker (table 2) had worked an overtime shift that finished about 10 hours before our examination. This explains his high urine acetone concentration (27.7 mg/l) before exposure (table 2) .
It is well known that the alveolar concentration of acetone is related to blood acetone concentrations and that the blood/air partition coefficient of acetone plays a decisive part in establishing its concentration in blood and alveolar air. The blood/air partition coefficient, known also as the solubility coefficient in blood, was found in experiments in vitro to range between 218 and 275.18-21 In healthy men with an endogenous blood acetone concentration of 1-3 mg/kg and an endogenous alveolar acetone concentration of 1-7 gg/l the blood/air partition coefficient is 765. 18 On the other hand, in volunteers with different levels of exposure the acetone solubility coefficient ranged from 30 to 100 during exposure.20 In the same experiments the solubility coefficient ranged between 400 and 340 after the end of exposure during the four hours of the elimination phase studied. Previously we had found in a group of workers exposed to acetone in factories a solubility coefficient of 114.19 In the present investigation we found, on the basis of the slopes of the regression lines, a blood/air partition coefficient of acetone equal to 109, 119, and 82 at the first, third, and fifth hours of exposure respectively (table 4) . Considering all the data together (fig 4) , the solubility coefficient turned out to be equal to 101, which is similar to that of 114 which we found previously in workers exposed to acetone. Statistical analysis showed that a good correlation between the alveolar concentration of acetone and isopropanol existed at all the times except at the sixth hour of the work shift, when the correlation coefficient turned out to be 0*49 (fig 5) . A correlation coefficient between 0-68 (seventh hour) and 0-95 (fifth hour) was found at all the other hours. Figure 5 clearly At all the sampling times studied, a significant correlation (fig 6) was again found between blood acetone concentration and alveolar isopropanol concentrations. The correlation coefficients were 0*92, 0*94, 0-92, and 0-69 respectively at the first, third, fifth, and seventh hours of the work shift. The slopes at the third, fifth, and seventh hours were similar, 30-4, 23-4, and 38-7 respectively, compared with the one at the first hour of the work shift, which was 8-9. These results support the view that a steady state condition exists after the third hour of exposure.
ISOPROPANOL UPTAKE
Since alveolar concentration is an expression of time integrated exposure, we preferred to calculate the alveolar isopropanol uptake by using the individual values of alveolar isopropanol concentration (jug/l) determined at the various hours of exposure rather than the environmental isopropanol concentrations. This is in accordance with the observation that the acetone concentration determined, both in the alveolar air and in the blood of workers exposed to isopropanol, was better correlated with isopropanol in alveolar air than with isopropanol concentration in environmental air. The individual data on alveolar isopropanol uptake (mg/min) calculated as mentioned above-that is, starting from the alveolar concentration of isopropanol (ug/l)-were significantly correlated with environmental isopropanol concentrations (fig 8) . On the basis of the slope of the regression line in fig 8, 7 shows that in each individual worker the acetone eliminated by the lungs, expressed as a percentage of the alveolar isopropanol absorbed, varied according to the level of exposure. It was the lowest (10-7-15-1%) in the first three workers, who were exposed to the highest isopropanol concentrations (table 1: 470-493 mg/m3), and proportionately higher (15.2-39-8%) in the other workers, who were exposed to the lowest isopropanol concentrations (table 1: 99-207 mg/m3). In table 7 the clearance of acetone from the lung and renal clearance are reported. The clearance of acetone from the lung, except in the last worker listed, showed a narrow range (41-97 ml/min). The renal clearance of acetone, on the other hand, showed a value ranging between 0-1 and 3 ml/min, 30 or more times lower than that of clearance from the lung. An examination of the data in table 7 suggests that 
